INTRODUCTION
============

Mal-alignment and inappropriate component position during total knee arthroplasty (TKA) can cause instability and loosening, and it is one of the most important surgical errors that lead to clinical failure after TKA.[@B1]-[@B6] Therefore, accurate assessment of lower extremity alignment and component positioning are regarded as the most important factor of long-term successful clinical outcome.[@B2],[@B4],[@B5],[@B7],[@B8] The mechanical axis of the lower extremity is the basis of alignment during TKA. During preoperative and postoperative radiologic planning, it is easy and common to use mechanical axis of the lower extremity as the basis for alignment evaluations. However, it is difficult to determine the mechanical axis during surgery. As a result, various techniques have been developed to achieve proper alignment. In terms of lower extremity alignment, conventional techniques depend on the medullary canal technique. The extramedullary (EM) technique and navigation system are based on finding the femoral head center.[@B1],[@B9]-[@B15] The conventional intramedullary technique uses the femoral medullary canal as its reference. However, determining the mechanical axis using intramedullary technique have been reported to result in 5-30% malalignment rate.[@B2],[@B5],[@B11] This is mainly due to canal deformity and variations which are frequent in the femur. As for extramedullary technique for the femoral bone resection, it relies on identifying the center of femoral head during surgical procedure. Although various techniques have been introduced such as the use of the pelvic anterior superior iliac spine or femoral artery as landmark to pinpoint femoral head center, these techniques have been abandoned because of increase in surgical times.[@B1],[@B16]-[@B18] In order to determine the femoral head center, it took much more complicated surgical procedure and increased cost with less accurate result of final lower limb alignment.[@B1],[@B10],[@B17],[@B18]

We devised intraoperatively identifiable mechanical axis (IIMA) using the body center line and inter-femoral head center line (H-line). We were able to confirm the lower limb mechanical axis during operation using IIMA. Furthermore, precision was increased and consistency could be maintained since the mechanical axis could easily be confirmed at any time during surgery.

The purpose of this study was to introduce our new EM alignment guide system and to report radiologic outcome observed in a large-volume total knee practice when the neutral mechanical axis of the overall lower limb was used as a reference.

MATERIALS AND METHODS
=====================

IIMA setting method
-------------------

We devised IIMA using the body center line and inter-femoral head center line (H-line) ([Fig. 1](#F1){ref-type="fig"}). There are two mechanical axes that are parallel to body center line. We could measure the length of inter-femoral head center distance with radiograph. Body center line can be defined by a line connecting xiphoid process and symphysis pubis. With the two known factors, H-line and body center line, we could construct the mechanical axis that is parallel to the body center line.[@B17],[@B18]

Inter femoral head center distance is constant and bisected perpendicularly by body center line. H-line can be replicated on the ruler with two markers. We could get IIMA by connecting the end of replicated inter femoral head center lines located proximally and distally ([Fig. 1](#F1){ref-type="fig"}).

The instruments for IIMA system are composed of two parts. One is proximal ruler and frame and the other is distal ruler ([Fig. 2](#F2){ref-type="fig"}).

The inter-femoral head distance (H-line) in the calibrated radiograph was checked with magnetic bar and the distance on the ruler with two markers was replicated ([Fig. 3](#F3){ref-type="fig"}). Then the center of the ruler was placed on the body center line perpendicularly ([Fig. 4](#F4){ref-type="fig"}). The proximal ruler and frame were set above the hip center and the distal ruler below the ankle center. And ipsilateral proximal-distal markers were connected with a Bovie line then the IIMA can be visible on the operation-field ([Fig. 5](#F5){ref-type="fig"}).

Subjects
--------

One thousand and seven patients (1007 knees) who underwent primary TKA consecutively using IIMA by a surgeon from February 2010 to January 2011 constituted the study cohort. This study was approved by the Institutional Review Board. All patients underwent either bilateral or unilateral TKA. Average patient age was 68 years (57-79) and 896 knees had degenerative arthritis, 88 osteonecrosis, and 23 rheumatic arthritis. There were 351 bilateral patients and 305 unilateral cases. Patients with unacceptable conditions to use ruler and frame such as pelvic or hip deformity were excluded. And revisional TKA and infection cases were also excluded. A single Scorpio® NRG implant (Stryker, Mahwah, NJ, USA) was inserted using extramedullary technique.

Operative procedures
--------------------

Modified antero-medial parapatellar incision of Insall was used to make an approach. After soft tissue balancing, extramedullary technique was used to install distal femoral block. The connector to which proximal tibial resector was attached was inserted into distal femoral resector\'s slot, and then EM axis guider was used to adjust femur\'s coronal axis and sagittal alignment for synchronization.[@B16] Proximal tibial cuts were made using an EM alignment guide (Linker®), an instrument that maintains a parallel status between the femoral and tibial mechanical axes.[@B17],[@B18] The patella was routinely resurfaced, and all implants were fixed with cement.

Radiologic evaluations
----------------------

During radiologic evaluations, the mechanical axis was preoperatively measured using an orthoroentgenogram and 2 months postoperatively. In addition, the angles of the femoral and tibial components in the coronal plane were measured in front and rear knee joint X-ray. Orthoroentgenograms were taken such that the radiolucent line was vertical to the knee joint plane when the patient stretched the knee joint to its fullest and bore weight equally on lower extremities. Error margins of the femoral and tibial components in the coronal plane were defined as above 3° from the mechanical axis.

Intraclass Correlation Coefficients (ICC) were used to identify agreement degree within a rater or between raters. Three independent observers measured coronal alignment of the component (KLK, KHL, and JWH).

RESULTS
=======

The mean deflection of the mechanical axis of the lower extremity improved from a mean 11.4±6.7° (-10.3-34.4°) of preoperative varus deformity to 0.7±3.5° (-5.2-8.6°) after the operation. Postoperative mean alignment of the femoral and tibial components in the coronal plane were 89.3±2.3° (83.4-97.2°) and 90.4±2.2° (85.1-94.2°), respectively ([Table 1](#T1){ref-type="table"}). The femoral and tibial components in the coronal plane had error margins of within 3° at 92.3% (903/1007 cases) and at 95.4% (967/1007 cases), respectively. No major postoperative complications, such as deep infection, stiffness, or a cardiopulmonary complication, were encountered. The ICC about intra-observer variability was 0.89, and ICC about inter-observer variability was 0.86. There was good or excellent inter-observer agreement in all of the measurements performed.

Skin incision at the time of surgery was 9.2±1.3 cm (7.5-13), and operation time was 58.1±12 min (48-103). Postoperative blood drainage was 844.5 mL (250-1995) ([Table 2](#T2){ref-type="table"}). There was no deep infection, however superficial wound infection in 2 cases. Marginal wound necrosis less than 1 cm occurred in 5 cases, and wound oozing lasting more than 1 week occurred in 16 cases. However, there were no complications which needed further surgical intervention. Regarding ROM of postoperative 2 months, average was 2.8-126.2°. Clinical outcomes such as WOMAC score and KSS score have been improved ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

Precision of the coronal alignment has increased and consistency can be maintained since the mechanical axis can easily be confirmed at any time during surgery. In our cohort, outliers of femoral and tibial components were only 7.7% and at 4.6% respectively, with IIMA setting.

Alignment of the mechanical axis of the lower extremity and appropriate location of components are important factors in total knee arthroplasty.[@B8],[@B15],[@B19],[@B20] Many studies have been conducted for the precision of lower extremity alignment because mal-alignment is a main factor of failure after TKA and causes early component loosening and instability. Measurements of the mechanical axis of the lower extremity in the coronal plane in pre- and postoperative radiographs have been proposed for the evaluation of alignments. In addition, it has been reported that the longevity of TKA is increased when bone resection and component insertion are carried out using the mechanical axis as a basis.[@B2],[@B6],[@B12],[@B13],[@B21] Current trends of improving alignment also include reducing outliers, and error margins. Intramedullary technique is the most common way, nevertheless the rates of outliers reportedly range from 10% to 20%.[@B1],[@B11],[@B21]-[@B23]

There are many alignment techniques currently used. First, the intramedullary technique using the femoral canal as a guide. Intramedullary guides rely on a proper fit in the intramedullary canal. It is often difficult to achieve the proper mechanical axis due to diaphyseal deformity, distortion of the osseous canal, residual implants from previous surgery, malunited fractures, metabolic bone disease, and variations in femoral anatomy such as a large intramedullary canal and excessive femoral bowing.[@B9],[@B22],[@B24] Second, the conventional extramedullary technique or navigation technique that uses the femoral head center as reference. Techniques referencing the femoral head center were the first to use the mechanical axis, however, it suffers from precision issues regarding the consistency of surface marker placement especially in obese patients. In addition, the marker position could be mobilized due to hip and knee motion that is inevitable for the operation. Various methods using femoral head centers as a mechanical axis guider also suffer from delayed operation time or increased malalignment.[@B1],[@B10],[@B13],[@B16],[@B25] Navigation, the developed version, also has the problems of low cost-effectiveness and protracted operation times.[@B3],[@B17],[@B18],[@B23],[@B26]

In terms of advantages of IIMA, it shortens operation times because it is set prior to surgery. We didn\'t need to waste time to set the mechanical axis during the operation.

Second, IIMA can be identified and visualized with a bovie line during the operation in contrast to invisible mechanical axis of the conventional technique.

Third, in addition to each of femoral and tibial mechanical axis, whole limb mechanical axis can be confirmed during the operation with IIMA.

Fourth, IIMA guarantees consistently correct limb alignment. Compared to other techniques, which require continuous inspection of the femoral head, the IIMA can be automatically checked simply by placing the center of the knee joint on the pre-set mechanical axis. Stability of the IIMA can be maintained by using ruler and frame system and is less influenced by hip joint location and range of motion of the knee joint since markers are located extracorporeally. Frame for IIMA is installed under a drape before surgery, away from the abdominal surface during the operation, and the mechanical axis can be protected throughout the operation despite of hip and knee motion. Manipulation of hip and knee joint during operation cannot affect the alignment, and precision is increased and consistency can be maintained. In our cohort, outliers were less than 10%, making it vivid contrast to other conventional results with ranges of around 15-40%.[@B7],[@B10],[@B16],[@B23],[@B26]

Furthermore, the procedure is highly cost-effective, straightforward, and convenient.

The use of the IIMA could be regarded as an adjuvant to intramedullary or extramedullary TKA. The IIMA can be used as the basis of osteotomy or implant alignment at any time of operation, and it can easily be utilized during surgery. Also, IIMA can easily be applied to detect the amount of errors when mal-alignment is suspected. Furthermore, the IIMA can be used for high tibial osteotomy and other procedures, in addition to TKA.

Looking into the trait of IIMA, mechanical axis can be changeable with lower leg position, but there are only two mechanical axes parallel to the body center line. A line that connects the femoral head centers (H-line) is bisected vertically by the body center line. When we replicate the H-line on the ruler with markers and place it proximally and distally to the hip center and the ankle center respectively, we can trace the mechanical axis by connecting ipsilateral markers with a bovie line. IIMA is the only mechanical axis that is parallel to the body center line. The greatest advantage of IIMA is that it can be set preoperatively and applied to confirm the alignment on every step of operation. In the present study, satisfactory alignment in coronal plane was achieved using IIMA, and outliers were minimized.

Since the purpose of this study was to introduce IIMA, and to evaluate the radiological outcome of immediate post operation, long-term evaluation is not available at this moment, and we did not consider the range of motion, and knee joint pain after surgery or clinical results. Furthermore, the study is also limited because of lack of a comparison between surgery with and without IIMA by the same surgeon. It was retrospectively consecutive and there is no comparative study. The limitations of using IIMA method are as follows: pelvic deformities that prevent precise estimation of inter head center distance and hip deformities such as sequellae of cerebral palsy, poliomyelitis, and Legg-Calve-Perthes disease etc. Nevertheless, this is a large-volume study and satisfactory radiological results in the coronal plane were achieved.

IIMA can be considered as a new alternative alignment guider that is easily accessible and highly effective.

In conclusion, by applying IIMA as the basis of alignment for bone cutting and implant location during total knee arthroplasty, satisfactory radiological results in the coronal plane were achieved.

IIMA setting is installed under a drape before surgery, and it can be identified and visualized intraoperatively. TKA operation becomes more simple and precise by using IIMA system. IIMA also has the merits of cost-effectiveness. Long-term results of TKA with IIMA will prove the usefulness of IIMA. We believe that IIMA is of substantial value as an alternative means of achieving alignment in the coronal plane during total knee arthroplasty.
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![Proximal and distal coronal mechanical axis markers are located above the femoral head and the ankle center. Mechanical axis can be identified by the line which connects the two mechanical axis markers.](ymj-54-1505-g001){#F1}

![Instruments for IIMA system is composed of two parts. Proximal part has ruler and frame with markers and distal part ruler has the same structure to that of proximal ruler. IIMA, intraoperatively identifiable mechanical axis.](ymj-54-1505-g002){#F2}

![(A) Distance between femoral head centers (H-line) is measured on radiographs. H-line is bisected perpendicularly by the body center line. (B) H-line can be replicated on a ruler with two markers.](ymj-54-1505-g003){#F3}

![The center of the ruler was located on the body center line which connects the xiphoid process and the symphysis pubis. Inter-femoral head center distance is bisected perpendicularly by the body center line.](ymj-54-1505-g004){#F4}

![Replicated H-line with two markers are shown proximal to the hip center and distal to the ankle center. Conjoined marker with visible line constitute mechanical axis that is parallel to the body center line. (A) IIMA and pre-op. limb alignment is illustrated. (B) Correct limb alignment can be confirmed when the hip, knee and ankle ccenters are located on the IIMA. (C) After cementing of total knee components, whole limb alignment can be compared to the visualized mechanical axis (Bovie line). IIMA, intraoperatively identifiable mechanical axis.](ymj-54-1505-g005){#F5}
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Data are presented as means with standard deviation.
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IIMA, intraoperatively identifiable mechanical axis; TKA, total knee arthroplasty.
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